According to epidemiological, clinical and mycological criteria, it has long been admitted that the Trichophyton mentagrophytes species includes two varieties: a zoophilic variety (var. mentagrophytes) and an anthropophilic variety (var. interdigital) that involve the upper and the lower part of the body respectively. The further application of molecular techniques to the characterization of dermatophyte strains showed that this classification is unreliable. The aim of our study was to assess the usefulness of PCR-RFLP (restriction fragment length polymorphism) and sequencing in the characterization of T. mentagrophytes strains taken from Tunisian patients. The study was carried out in 2008 in the laboratory of Parasitology-Mycology of Farhat Hatched hospital, Sousse, Tunisia. A total of 133 strains were isolated from 133 patients addressed to the laboratory for dermatological lesions very evocative of dermatomycosis. Eighty strains were isolated from lesions located on the lower part of the body (onychomycosis, tinea pedis) and 53 strains from the upper part of the body (tinea capitis, tinea corporis). All strains were submitted to mycological examination (direct microscopic examination, and culture on Sabered medium) and further investigated by using RFLP analysis of the PCR amplified ITS1-5.8 s and ITS2 region of the ribosomal DNA and the MvaI restriction enzyme. In addition, 20 strains were further submitted to a sequencing of the ITS1-5.8 s and ITS2 region. On the basis of mycological criteria all strains were diagnosed as T. mentagrophytes. All strains produced the same RFLP pattern and were identified as T. mentagrophytes interdigital regardless of the location of lesions. Out of the 20 sequenced strains, five were found anthropophilic and 15 were zoophilic. In conclusion, all strains provisionally diagnosed as T. mentagrophytes on the basis of mycological criteria were shown to belong to T. interdigital by using PCR-RFLP and sequencing irrespective of the site of lesions. The predominance of zoophilic strains needs further investigation.
Introduction
Dermatophytes are the main causal agents of superficial mycoses in humans and animals. They are usually identified on the basis of macroscopic appearance, together with microscopic examination of cultures. According to epidemiological, clinical and mycological criteria, it has long been admitted that the T. mentagrophytes species includes two varieties: a zoophilic variety (var. mentagrophytes) and an anthropophilic variety (var. interdigital) that involve the upper and the lower part of the body respectively [1] [2] [3] . The further development of molecular tools and techniques for the characterization of strains of the T. mentagrophytes compel [4] and the comparison between phenotypic and genotypic findings [5] showed that this classification was not appropriate [6, 7] . The aim of our study was to assess the usefulness of PCR-RFLP (restriction fragment length polymorphism) and sequencing in the identification of T. mentagrophytes strains taken from different body lesions in patients originating from Tunisia.
Material and Methods

Fungal strains
The study was carried out in 2008 in the laboratory of Parasitology-Mycology of Farhat Hatched hospital, Sousse, Tunisia. It included 133 strains of the T. mentagrophytes complex: 129 were isolated from 129 patients originating from Sousse, addressed to the laboratory for dermatological lesions very evocative of dermatomycosis; 2 strains from 2 patients originating from Tunis (Northern Tunisia) and 2 from Sfax (Southern Tunisia). Two reference strains from CBS center (Central Bureau voor Schimmel cultures CBS Utrecht, Netherlands) were included in the study: T. interdigital CBS 165.66 and T. mentagrophytes CBS 106.67. Fungal strains were divided into two groups: 80 strains were isolated from lesions located on the lower part of the body (toes onychomycosis, tinea pedis), designed Ginf and 53 strains from the upper part of the body (tinea capitis, tinea corporis), designed Gsup.
Morphological identification
The identification of T. mentagrophytes strains was made on the basis of macroscopic and microscopic growth criteria. All isolates were cultured in tubes on Sabered agar with chloramphenicol (0.5g/l) and cycloheximide (0.5 g/l) at 27° for 3 weeks. The cultures were examined for macroscopic characters including texture colony and pigmentation. Microscopic examination was performed according to the standard procedure using adhesive tape and lactophenol blue stain. Strains were identified as members of the T. mentagrophytes complex according to the following criteria: powdery to cottony texture, color of colonies and reverse pigmentation, production of round to broadly clavate microconidia, formation of cigar shaped macroconidia and spiral hyphae.
Polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) of ITS regions
Extraction of genomic DNA was performed using the rapid mini preparation method previously described by Liu [8] with minor modifications. In brief, a small lump of mycelia
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Page: 3 www.raftpubs.com was added to 500 µl of lysis buffer (400 mM Tris-HCL pH 8; 60 mM EDTA pH 8; 150 mM Nacl; 1% SDS) and 150 µl of potassium acetate 5M. The tube was vortexed and centrifuged at 6000t/mn x3 mn. Isopropyl alcohol was added to the supernatant (w/w) and the solution was centrifuged at 6000t/mn x3 mn. The resultant DNA pellet was washed in 70% ethanol and dissolved in50 µl Tris-EDTA buffer. PCR was performed using the universal primers Mas 266 (5' GCA TTC CCA AAC TCG ACTC 3') and V9D (5' TTA CGT CCC TGC CCT TTG TA 3') that amplify a DNA fragment of approximately 1Kb. For RFLP, the amplicon was digested with the restriction enzyme MvaI (Promega, Madison WI, USA) for 2 hours at 60°. The resulting restriction fragments were separated electrophoretic ally on 3% agarose gel for 60V at 90 min and visualized under UV light after ethidium bromide staining. Gel photography was obtained using camera (Biometric, Germany).
Sequencing
Out of the 133 strains, 20 were submitted to sequencing of the ITS1-5.8S and ITS2 regions ITS (Internal Transcribed Spacer) of rDNA. They include 7 strains from toes onychomycosis, 2 from tinea pedis, 4 from tinea capitis and 7 from tinea corporis. Sixteen isolates were from patients living in Sousse, 2 in Sfax and 2 in Tunis. Animal contact could be documented for 13 of them: 2 with cats, 1 with chicken, 4 with dogs, 3 with rabbits and 3 with sheep. PCR products were purified using the Big-Dye® Terminator v1.1 cycle sequencing kit (Applied Biosystems) [9] .
Statistical analysis
In order to compare the phenotypic and genotypic features of T. mentagrophytes strains, all the collected data were processed in the SPSS database computer program version 11.5 (SPSS Inc, Chicago, USA). The results were analyzed using the chi-squared test. A P value of <0.05% was considered to be significant.
Results
Mycological identification of strains
Detailed morphological characteristics of the 133 strains are shown in Table 1 . All clinical isolates from both Ginf and Gsup groups were provisionally identified as T. mentagrophytes on the basis of macroscopic and mycological features. Colonies of most strains were powdery with no difference between both groups (88.1% for Gsup vs 87.5% for Ginf). Colonies yielded by strains of both groups were mostly white (84.9% for Gsup vs 85% for Ginf). The reverse of most strains was colorless or had a yellow pigment. A red to brown reverse pigment was present in 20.7% and 31.1% of strains of groups Gsup and Ginf respectively. Microconidia were abundant to very abundant in strains of both groups. They were spherical in 77.3% and 66.3% of strains of Gsup and Ginf respectively. Macroconidia were present in nearly 50% of strains (45.4% for Gsup vs 42.5% for Ginf). They were abundant in 35.8% of Gsup strains and 30% of Ginf strains. Thus, the phenotypic features of strains isolated from Gsup and Ginf were very similar.
RFLP and sequencing
All the 133 strains gave the expected 1 kb band and produced the same RFLP pattern after digestion with MvaI composed of five bands Figure 1 . This pattern is identical to that of the T. interdigital CBS165.66 reference strain, regardless of the phenotypic features and the location of lesions (Gsup or Ginf). The sequences of all 20 strains showed an identity with the ITS regions of the Interdigital strain CBS165.66 registered in NCBI database. On the other hand, the sequence alignment of the ITS regions of 5 T. mentagrophytes strains (2 from Tunis, 2 from Sfax and 1 from Sousse) showed 100% homology with the anthropophilic T. interdigital AF506033 strain.
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The sequence alignment of 15 T. mentagrophytes strains from Sousse showed 100% homology with the zoophilic type III* T. interdigital strain FM986758. The sequences of all 20 strains are registered in GenBank with accession numbers from KU921371to KU921390. 
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Discussion and Conclusion
In this study, 133 strains of dermatophytes isolated from Tunisian patients with variable dermatophytid lesions, provisionally identified as T. mentagrophytes on the basis of morphological criteria, were further characterized by PCR-RFLP and sequencing of ITS regions which are reported to be the more suitable techniques for the characterization of dermatophyte strains[4,5,10,11]. All typed strains were identified as T. interdigital irrespective of the lesion site. Our findings are in agreement with most recent reports and with the new classification criteria of dermatophytes causing pathology in humans [3, 6, 12] . The ancient distinction between the strains involving the upper part of the body regarded as zoophilic and named T. mentagrophytes var. mentagrophytes and those involving the lower part of the body considered as anthropophilic and named T. mentagrophytes var. interdigital is no more valid [1, 13, 14] . So that nearly all human strains of the T. mentagrophytes complex are now considered to belong to T. interdigital species [3, 6, 15, 16] . In our study, mycological characteristics of strains (texture and color of colonies, reverse pigment, abundance of conidia and of spiral hyphae) obtained from lesions located in the upper part of the body (Gsup) and those obtained from lesions located in the lower part of the body (Ginf) were very similar and no statistical difference could be demonstrated between both groups. Our results are in agreement with those of Takashi et al [5] and Nenoff et al [3] who found no relation between morphology of strains and the location of the lesions (lower vs upper part of the body). Our findings are however in contrast with some other previous studies where the T. mentagrophytes var. interdigital strains were reported to be cottony as compared to those of the T. mentagrophytes var. mentagrophytes characterized by a much more granular texture [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . These conflicting results argue for the unreliability of morphological criteria and for the need of molecular techniques for the correct characterization of strains and species.
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Page: 6 www.raftpubs.com In our study, no variability between strains was demonstrated as all 133 T. mentagrophytes strains showed the same profile in RFLP which was identical to the T. interdigital CBS165.66 strain. Gupta et al [18] described two different profiles Tm1 and Tm2 by using RFLP of the amplified 18rDNA and ITS regions. Takashi et al [5] , divided T. mentagrophytes in 12 types (P1 to P12) by using Southern blot PCR-RFLP of NTS region and established a correlation between types and macroscopic features. At the same time, Ninet et al [19] , by sequencing ITS regions of rDNA, identified three types (I, II, III) in T. mentagrophytes strains but without difference in phenotypic traits between the three types. Later, Hedemann et al [7] , reported that T. interdigital strains could be divided into 5 different types (I, II, III, III* and IV) on the basis of the sequences of ITS regions; types I and II being anthropophilic and types III, III* and IV being zoophilic. Kim et al [12] reported that RAPD profiles of T. mentagrophytes strains were different, according to the colonies' texture of studied isolates and showed that colonies of strains of animal origin had a characteristic granular texture in contrast to the anthropophilic strains which were powdery or cottony. Similar findings were reported by Arabizes et al [20] who showed that zoophilic strains isolated from rabbits were phenotypically monomorphic with granular colonies, red brown reverse, a higher number of microconidia and less macroconidia than anthropophilic strains. In contrast, Hedemann et al [7] showed that colonies of T. interdigital strains were either powdery or cottony and this, in the same proportion, whatever they were anthropophilic or zoophilic; and no relation between macroscopic characteristics and origin of strains was demonstrated. Our results are similar to those of Hedemann et al [7] as the majority of our strains had a powdery texture irrespective of their origin, which could only be determined by sequencing. Kac et al [2] , Kim et al [12] and Takashi et al [5] found no differences between strains 'profiles in PCR RFLP and RAPD when lesion location was considered. In contrast, ninety et al [19] showed that toes' onychomycosis and tinea pedis are caused by type I and II strains while lesions of the upper part of the body are caused by strains of type III. Similar findings were reported by Hedemann et al [7] who showed that lesions of the upper part of the body are caused by the zoophilic type III and III* strains while the anthropophilic strains of type I and II mainly causes toes 'onychomycosis and tinea pedis. This study showed for the first time that tinea corporis and tinea pedis/ onychomycosis are caused by ecologically different strains (zoophilic and anthropophilic origin). In our study, the sequencing of 20 strains showed that 5 were anthropophilic and 15were zoophilic and that there was no relationship between the origin of strains on one hand and the lesion site and the macroscopic features on the other hand. In conclusion, our study confirms that mycological criteria are not reliable for the characterization of strains of the T. mentagrophytes complex and that PCR RFLP and sequencing are much more appropriate for this purpose. Actually, all of our strains identified as T. mentagrophytes on the basis of morphological criteria, were shown to belong to the T. interdigital species whatever the site of lesion.
